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A B S T R A C T

Purpose
Childhood cancer survivors experience an increased incidence of subsequent neoplasms (SNs).
Those surviving the first SN (SN1) remain at risk to develop multiple SNs. Because SNs are a
common cause of late morbidity and mortality, characterization of rates of multiple SNs is needed.

Patients and Methods
In a total of 14,358 5-year survivors of childhood cancer diagnosed between 1970 and 1986,
analyses were carried out among 1,382 survivors with an SN1. Cumulative incidence of second
subsequent neoplasm (SN2), either malignant or benign, was calculated.

Results
A total of 1,382 survivors (9.6%) developed SN1, of whom 386 (27.9%) developed SN2. Of those
with SN2, 153 (39.6%) developed more than two SNs. Cumulative incidence of SN2 was 46.9%
(95% CI, 41.6% to 52.2%) at 20 years after SN1. The cumulative incidence of SN2 among
radiation-exposed survivors was 41.3% (95% CI, 37.2% to 45.4%) at 15 years compared with
25.7% (95% CI, 16.5% to 34.9%) for those not treated with radiation. Radiation-exposed survivors
who developed an SN1 of nonmelanoma skin cancer (NMSC) had a cumulative incidence of
subsequent malignant neoplasm (SMN; ie, malignancies excluding NMSC) of 20.3% (95% CI,
13.0% to 27.6%) at 15 years compared with only 10.7% (95% CI, 7.2% to 14.2%) for those who
were exposed to radiation and whose SN1 was an invasive SMN (excluding NMSC).

Conclusion
Multiple SNs are common among aging survivors of childhood cancer. SN1 of NMSC identifies a
population at high risk for invasive SMN. Survivors not exposed to radiation who develop multiple
SNs represent a population of interest for studying genetic susceptibility to neoplasia.

J Clin Oncol 29:3056-3064. © 2011 by American Society of Clinical Oncology

INTRODUCTION

The relative 5-year survival rate after a diagnosis of
childhood cancer, which was less than 30% in 1960,
is now 79%.1 As of 2005, there were more than
328,000 survivors of childhood cancer in the United
States.2 Perhaps the most serious late complication
for these survivors is the development of subsequent
neoplasms (SNs), many of which are subsequent
malignant neoplasms (SMNs).3-10 SMNs are the
most common cause of treatment-related death in
long-term survivors (standardized mortality ratio,
15.2; 95% CI, 13.9 to 16.6).11 Combined with the
increase of the cumulative incidence of SMNs in the
Childhood Cancer Survivor Study (CCSS) popula-
tion over the last decade (3.2% at 20 years from
diagnosis to 9.3% at 30 years),6 it is clear that the
development of SMNs is a central issue for aging

survivors. However, it appears that the increasing
cumulative incidence of a first SN does not fully
describe the risk for this population. Survivors who
experience their first SN may be at risk for the devel-
opment of multiple SNs. The aging population of
the CCSS allows a comprehensive assessment of
this question.

PATIENTS AND METHODS

Identification and Contact of the Cohort

The CCSS is a retrospective, cohort study that
provides longitudinal follow-up of 5-year survivors
of childhood cancer who were treated at 26 institu-
tions in the United States and Canada. Eligibility for
participation in the CCSS included diagnosis of can-
cer before age 21 years; initial treatment between
January 1, 1970, and December 31, 1986; and
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survival for at least 5 years from diagnosis. Participants were re-
cruited from survivors treated for initial diagnoses of leukemia,
CNS malignancy, Hodgkin’s lymphoma, non-Hodgkin’s lym-
phoma, Wilms tumor, neuroblastoma, soft tissue sarcoma, or bone
tumors. The cohort methodology and study design have been
previously described in detail.12,13 The CCSS was approved by
institutional review boards at the 26 participating centers, and
participants provided informed consent.

Collection of baseline data was initiated in 1994. All partici-
pants completed a questionnaire that included information on

demographics, personal and family medical history, medical late
effects experienced, and diagnosis of new neoplasms. Additionally,
occurrence of SNs was collected in three subsequent follow-up
questionnaires. Therapeutic exposures were ascertained through
abstraction of medical and radiation therapy records of each par-
ticipant by using a standardized protocol.13 Study questionnaires
are available at http://ccss.stjude.org.
Definition and Ascertainment of Subsequent Neoplasms

SNs include new neoplasms (malignant and benign; Appen-
dix Table A1, online only) collected from the cohort, not including

Table 1. Characteristics of the CCSS Cohort: Entire Cohort, Survivors With Subsequent Neoplasms, and Survivors With Subsequent Malignant Neoplasms

Characteristic�

Entire Cohort

Subsequent Neoplasm Subsequent Malignant Neoplasm

Any � 2 � 3 Any � 2 � 3

No. % No. % No. % No. % No. % No. % No. %

Total 14,358 100 1,382 100 386 100 153 100 735 100 68 100 3 100
Age at diagnosis, years

Mean 8.3 11.0 12.5 13.4 11.1 12.4 15.7
SD 5.8 6.1 5.8 5.6 6.1 5.6 2.0
Median 6.8 11.9 14.2 15.1 12.2 14.1 14.7
Range 0.0-21.0 0.0-21.0 0.5-20.9 0.9-20.9 0.0-21.0 0.5-20.6 14.4-18.0

Age at initial diagnosis, years
� 10 8,956 62.4 588 42.5 121 31.3 39 25.5 300 40.8 20 29.4 0 0.0
� 10 5,402 37.6 794 57.5 265 68.7 114 74.5 435 59.2 48 70.6 3 100

Sex
Male 7,713 53.7 589 42.6 153 39.6 69 45.1 289 39.3 15 22.1 2 66.7
Female 6,645 46.3 793 57.4 233 60.4 84 54.9 446 60.7 53 77.9 1 33.3

Ethnicity
White non-Hispanic 11,943 83.2 1,229 88.9 352 91.2 139 90.8 644 87.6 61 89.7 2 66.7
Black non-Hispanic 668 4.7 24 1.7 2 0.5 1 0.7 22 3.0 2 2.9 0 0.0
Hispanic 738 5.1 41 3.0 10 2.6 4 2.6 27 3.7 3 4.4 1 33.3
Other 1,009 7.0 88 6.4 22 5.7 9 5.9 42 5.7 2 2.9 0 0.0

Family history of cancer in a first-degree relative
Yes 2,356 16.4 360 26.0 128 33.2 54 35.3 184 25.0 25 36.8 1 33.3
No 12,002 83.6 1,022 74.0 258 66.8 99 64.7 551 75.0 43 63.2 2 66.7

Smoking status
Never 10,420 76.0 1,019 75.2 281 74.5 113 75.3 537 75.1 46 70.8 1 33.3
Former 1,325 9.7 177 13.1 47 12.5 25 16.7 102 14.3 6 9.2 1 33.3
Current 1,961 14.3 159 11.7 49 13.0 12 8.0 76 10.6 13 20.0 1 33.3

Childhood cancer diagnosis
Acute lymphoblastic leukemia 4,329 30.2 341 24.7 79 20.5 31 20.3 128 17.4 4 5.9 0 0.0
Acute myeloid leukemia 356 2.5 29 2.1 9 2.3 3 2.0 17 2.3 3 4.4 0 0.0
Other leukemia 145 1.0 13 0.9 4 1.0 2 1.3 11 1.5 2 2.9 0 0.0
Astrocytomas 1,182 8.2 83 6.0 20 5.2 6 3.9 36 4.9 6 8.8 0 0.0
Medulloblastoma, PNET 381 2.7 47 3.4 17 4.4 7 4.6 19 2.6 0 0.0 0 0.0
Other CNS tumors 314 2.2 31 2.2 11 2.8 6 3.9 15 2.0 3 4.4 0 0.0
Hodgkin’s disease 1,927 13.4 446 32.3 175 45.3 78 51.0 252 34.3 27 39.7 1 33.3
Non-Hodgkin’s lymphoma 1,080 7.5 81 5.9 20 5.2 8 5.2 45 6.1 2 2.9 0 0.0
Kidney tumors 1,256 8.7 51 3.7 10 2.6 2 1.3 33 4.5 2 2.9 0 0.0
Neuroblastoma 954 6.6 44 3.2 3 0.8 0 0.0 32 4.4 1 1.5 0 0.0
Soft tissue sarcoma 1,246 8.7 112 8.1 16 4.1 5 3.3 75 10.2 6 8.8 0 0.0
Ewing sarcoma 403 2.8 48 3.5 7 1.8 2 1.3 36 4.9 2 2.9 0 0.0
Osteosarcoma 733 5.1 52 3.8 15 3.9 3 2.0 34 4.6 10 14.7 2 66.7
Other bone tumors 52 0.4 4 0.3 0 0.0 0 0.0 2 0.3 0 0.0 0 0.0

Radiation exposure
Any 8,546 67.9 1,120 88.3 336 92.3 139 95.9 574 84.9 45 71.4 1 33.3
None 4,013 31.9 147 11.6 28 7.7 6 4.1 101 14.9 18 28.6 2 66.7
Unknown 33 0.3 1 0.1 0 0.0 0 0.0 1 0.1 0 0.0 0 0.0

Abbreviations: CCSS, Childhood Cancer Survivor Study; PNET, primitive neuroectodermal tumor; SD, standard deviation.
�Percentages for individual characteristics were calculated on total number of participants who provided information for those characteristics.
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recurrence of the primary childhood malignancy. SNs were initially
ascertained through self- or proxy-report questionnaires and/or death
certificates. Occurrences were subsequently confirmed by pathology
report or, when not available, were confirmed by death certificate or

other medical records reviewed by study investigators. Only SNs oc-
curring 5 or more years after the childhood cancer diagnosis were
evaluated.5,6 For this analysis, the term SN1 was defined as the first SN
to occur after the primary diagnosis; SN2 represents the second SN;
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SN3, the third SN; and SN4, the fourth SN. Similarly, SMNs are
numbered and defined.

Statistical Analysis

SNs were divided into three mutually exclusive subsets: SMNs,
which included only malignant diagnoses utilized by the U.S. Surveil-
lance Epidemiology and End Results (SEER) program with an Inter-
national Classification of Diseases (ICD) –O behavior code of 3, thus
excluding nonmelanoma skin cancers and nonmalignant meningio-
mas; nonmelanoma skin cancers (NMSCs, which included ICD-O
morphology codes 8070, 8071, 8081, 8090, 8094); and all other benign
neoplasms, which included meningiomas that were defined by an
ICD-O behavior code of 0, 1, or 2, regardless of ICD-O site and
morphology codes.

Frequency distributions of the entire cohort, those with SNs (any,
� 2, or � 3) and SMNs (any, � 2, or � 3) were characterized by
demographic and treatment variables. Exact information regarding
location of the SN was not always available. The cumulative incidence
of SN2, utilizing time from SN1 to the earliest of SN2, death, or last
follow-up, was compared by using Gray’s approach,14 in which death
was incorporated as a competing risk event, in addition to describing
the patterns of SN occurrence by each potential categoric risk factor.
Cumulative incidence of SMN2 was analyzed in a similar manner
from time of SMN1. Conditional cumulative incidence analyses for
subsequent breast neoplasms and NMSCs after development of a first
breast or NMSC SN were evaluated, with conditioning at 0, 6, 12, and
24 months of SN-free time from initial neoplasm. Five patients were
excluded from cumulative incidence analyses on the basis of a missing
date of SN diagnosis.

In multivariable analyses, we employed the method by Fine and
Gray15 for modeling the subdistribution hazard rate of SN2 as a
function of risk factors, assuming its proportionality, analogous to
Cox regression. This allowed us to directly evaluate the risk factors
associated with the cumulative incidence of SN2 while accounting for
deaths as competing events. Analyses were adjusted for age at primary
diagnosis, sex, ethnicity group, family history of cancer (in first-degree
relative), education level, annual household income, smoking status,
age at SN1, and time from primary cancer to SN1. In addition, other
treatment and demographic factors that were significant at the .15
level in univariate analyses (Gray’s test) were also included. Analyses
were completed by using S-Plus CRR function (Spotfire S-Plus ver-
sion 8.1; TIBCO, Seattle, WA).

In addition to the Fine and Gray15 method for estimating subdis-
tribution hazard ratios (HRs), we employed Cox regression to esti-
mate cause-specific HRs. Cause-specific hazards models with age as
the time scale were utilized, and the outcome measure was defined as
interval from age at SN1 to the minimum age at SN2, date of death, or
date of last follow-up. We chose to emphasize the results of Fine and
Gray analysis, because our primary interest was on covariate effects on
cumulative incidence (and associated subdistribution HRs), but we
also showed the cause-specific hazard analysis results (Appendix Table
A2, online only), noting that the two methods gave similar conclu-
sions for risk factors of SN2 and their effects.

RESULTS

We identified 14,358 survivors (median age at last follow-up, 31.9
years; range, 5.6 to 56.3 years), who accrued a total of 327,297 person-

years of follow-up time, with a median of 23.0 years from diagnosis
(range, 5.0 to 37.6 years). Within this cohort, radiation exposure was
common (occurring in 67.9% of those who consented to release their
medical records). Additional characteristics of the cohort are listed in
Table 1 and in Appendix Table A3 (online only). Within this cohort,
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1,382 people (9.6%) developed SN1, with a total of 9,387 person-years
of follow-up time. Among these 1,382 SN1 occurrences, 386 (27.9%)
developed an SN2. Of those with SN2, 153 (39.6%) developed greater
than two SNs. In addition, 735 (5.1%) of the 14,358 members of the
cohort developed SMN1, 68 (9.3%) of whom developed SMN2.

NMSC was the most common SN (1,104 total episodes; Appen-
dix Table A4, online only) and occurred as SN1 in 485 survivors (Fig
1A), 61 (12.6%) of whom subsequently developed an invasive SMN.
Other important patterns were identified. Of 176 participants who
had a breast neoplasm as SN1, 37 developed a new breast neoplasm as
SN2 (Fig 1B). Multiple subsequent meningiomas were common (Fig
1C). Thyroid cancer, soft-tissue sarcomas, and CNS malignancies

were frequently observed as SN1 and preceded a variety of additional
SNs (Figs 1D to 1F).

Among survivors with SN1, the cumulative incidence of SN2
was 33.4% (95% CI, 30.3% to 36.5%) at 10 years, was 38.8% (95%
CI, 35.1% to 42.5%) at 15 years, and was 46.9% (95% CI, 41.6% to
52.2%) at 20 years (Fig 2A). When SN1 was an SMN, the cumula-
tive incidence of developing SMN2 after SMN1 was 12.4% (95%
CI, 9.1% to 15.6%) at 15 years (Fig 2A). The cumulative incidence of SN2
was highest among survivors of a primary Hodgkin’s lymphoma (50.3%
at 15 years; 95% CI, 44.1% to 56.6%) or CNS malignancy (44.5% at 15
years; 95% CI, 33.4% to 55.6%; Figs 2B and 2C). Among survivors ex-
posed to radiation as therapy for their primary cancer, the cumulative
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incidence of SN2 was 41.3% (95% CI, 37.2% to 45.4%) at 15 years from
SN1 compared with 25.7% (95% CI, 16.5% to 34.9%) for those not
treated with radiation (Appendix Table A5, online only). Similarly,
among patients with SMN1 who were not exposed to radiation, the
cumulative incidence of SMN2 was 22.8% at 10 years.

Within this cohort, there were 252 breast lesions (n � 189 inva-
sive, n � 61 in situ, and n � 2 benign). The cumulative incidence of
developing a second breast SN was 20.7% (95% CI, 14.7% to 26.7%) at
10 years from the time of development of the initial breast SN (Fig 3A).
Because of a significant rate of synchronous breast lesions, cumulative
incidences of a second breast neoplasm conditioned on time from first
breast SN of 6, 12, and 24 months were 12.6% (95% CI, 7.3% to
18.0%), 10.4% (95% CI, 5.2% to 15.7%), and 9.6% (95% CI, 4.4% t0
14.8%), respectively, at 10 years from initial breast SN. The cumulative
incidence of developing a second NMSC at 10 years from the first
NMSC was 49.0% (95% CI, 43.5% to 54.5%). Because multiple le-
sions at presentation were common, when conditioned on time from
first NMSC (Fig 3B) of 6, 12, and 24 months, the cumulative inci-
dences of a second NMSC were 40.8% (95% CI, 34.7% to 46.9%),
38.2% (95% CI, 32.0% to 44.4%), and 33.8% (95% CI, 27.3% to
40.3%), respectively, at 10 years from first NMSC.

Among survivors who received radiation and developed an SN, 414
had NMSC as SN1, whereas 570 had an invasive SMN as SN1. The
cumulative incidence of an additional invasive malignancy (ie, SMN) was
20.3% (95% CI, 13.0% to 27.6%) at 15 years after NMSC compared with
10.7% (95% CI, 7.2% to 14.2%) after SMN1 (Fig 4) and was potentially
influenced by the survival estimates for those with an invasive SMN as
SN1(45.4%at15years;95%CI,37.0%to53.8%)thatwerelowerthanfor
those with NMSC as SN1 (79.0% at 15 years; 95% CI, 68.4% to 89.6%).

The limitation of incomplete information regarding treatment
for SNs and SMNs is recognized. Table 2 provides multivariable mod-
els evaluating risk factors (ie, demographic, treatment exposure for
primary cancer, health behaviors, family history) associated with the
cumulative incidences of multiple SNs and multiple SMNs after SN1
and SMN1, respectively. Exposure to radiation for the primary cancer
was associated with cumulative incidence of SN2 (subdistribution
HR, 2.16; 95% CI, 1.32 to 3.55). However, radiation appeared protec-

tive from SMN2 (subdistribution HR, 0.48; 95% CI, 0.25 to 0.94;
cause-specific HR, 0.41; 95% CI, 0.20 to 0.85). Note that the radiation-
exposed survivors had a lower survival estimate at 10 years from
SMN1 (56.1%; 95% CI, 49.8% to 62.4%) compared with those who
had no radiation exposure (64.3%; 95% CI, 49.6% to 79.0%). Addi-
tionally, older age at SN1 (� 30 years) was associated with higher
cumulative incidence of developing an SN2 compared with those
younger than 30 years of age (HR, 1.9; 95% CI, 1.28 to 2.82). Women
were more likely than men to develop SMN2 (HR, 2.53; 95% CI, 1.23
to 2.51). However, when breast neoplasia as SMN2 was removed from
analysis, association with female sex did not reach statistical signifi-
cance (HR, 1.57; 95% CI, 0.70 to 3.50). Having a first-degree relative
with cancer and being a current smoker were associated with an
increased cumulative incidence for multiple SMNs, but the associa-
tions were not statistically significant at the.05 level.

DISCUSSION

It is well established that the cumulative incidence of SNs increases
with increased time from diagnosis.7,11,16 We now describe the expe-
rience of long-term survivors of childhood cancer after SN1 and the
risk for multiple occurrences of SNs, either benign or malignant.
Greater than one quarter (28%) of the CCSS population with SN1
experienced an additional neoplasm, such that, within 20 years from
diagnosis of SN1, the estimated cumulative incidence of SN2 was 47%.
Although previous studies have identified occurrences of multiple
SMNs, the number of patients reported in any one study has been too
small (range, 2 to 32) to allow detailed description and analysis.6,8,17-20

Although not included in the current analysis, the experience of reti-
noblastoma survivors would certainly suggest that underlying genetic
susceptibility (eg, RB1 gene alteration in the case of certain patients
with retinoblastoma) plays a role in development of multiple SNs.16,21

Considering the young age (median, 32 years) of the CCSS cohort,
these survivors have yet to reach ages when sharp increases in the
incidence of cancer in the general population occur. Therefore, it
appears that the multiple tissue injuries accrued as a result of cancer
therapy, along with the impact of genetic susceptibility of some survi-
vors to multiple cancers, set the stage in the second decade of survival
(median follow-up, 18 years) for a significant increase in the number
of survivors with multiple cancers.

Certain patterns of SNs raise concern. Of 176 survivors who
experienced a breast neoplasm as SN1, 37 (21%) experienced one or
more subsequent primary breast neoplasms. In all, 42 women experi-
enced multiple breast neoplasms, with a cumulative incidence of
20.7% at 10 years from diagnosis of the initial lesion. In many of these
occurrences, women had bilateral (synchronous) lesions at presenta-
tion not thought to be metastatic, or occurrence of a tumor in the
contralateral breast shortly after the primary diagnosis. Nonetheless,
among those who were tumor free at 1 year from the initial diagnosis,
10% will still develop a subsequent breast neoplasm 10 years from the
initial diagnosis. Although increased risk for breast cancer after treat-
ment for childhood cancer has been well documented,17 this pattern
for multiple cancers raises new concerns. Similarly, of 142 participants
who had a nonmalignant meningioma, 126 occurred as SN1, and 12
survivors (10%) experienced multiple meningiomas. Therefore, not
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Fig 4. Cumulative incidence of a subsequent malignant neoplasm among
radiotherapy-exposed patients after nonmelanoma skin cancer (NMSC) as first
subsequent neoplasm (SN; blue line) and subsequent malignant neoplasm (SMN)
as SN1 (gold line).
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only is the incidence of meningioma increasing with time from treat-
ment exposure18 but also, with time, survivors may be at increasing
risk for multiple meningiomas as well.

Among radiation-exposed individuals who developed NMSC
as SN1 in this analysis, one in five developed an invasive neoplasm

within 15 years, an incidence almost twice that of those also ex-
posed to radiation but who had an invasive neoplasm (SMN) as
SN1. Therefore, NMSC may represent a clinical marker for early
identification of a population at high risk for a future malignant
neoplasm. Occurrence of NMSC as a first SN may identify survivors

Table 2. Multivariable-Adjusted Subdistribution Hazard Ratios for Development of SN2 From Time of SN1 and for SMN2 From Time of SMN1

Characteristic

SN1 ¡ SN2 SMN1 ¡ SMN2

Hazard Ratio 95% CI P Hazard Ratio 95% CI P

Age at diagnosis, years
� 10 1.31 0.91 to 1.88 .15 1.72 0.49 to 6.02 .40
� 10 1.00 1.00

Sex
Female 1.00 0.78 to 1.28 .99 2.53 1.23 to 5.21 .01

Male 1.00 1.00
Ethnicity

Other 1.13 0.68 to 1.89 .64 0.43 0.05 to 3.40 .42
Black non-Hispanic 0.44 0.11 to 1.82 .26 2.12 0.54 to 8.23 .28
Hispanic 0.83 0.37 to 1.85 .65 1.26 0.35 to 4.46 .72
White non-Hispanic 1.00 1.00

First-degree relative with cancer
Yes 1.05 0.81 to 1.36 .73 1.68 0.91 to 3.11 .10
No 1.00 1.00

Radiation exposure
Yes 2.16 1.32 to 3.55 .01 0.48 0.25 to 0.94 > .03

No 1.00 1.00
Age at SN1, years

� 30 1.00 — —
� 30 1.90 1.28 to 2.82 .001 — —

Time from primary to SN1 — —
Time from primary to SN1 by 10 years 1.07 0.82 to 1.40 .61 — —

Education
� High school 1.00 0.78 to 1.28 .99 1.09 0.37 to 3.18 .87
High school graduate 1.02 0.64 to 1.63 .94 0.73 0.29 to 1.83 .50
� High school 1.00 1.00

Household income, $ per year
� 20,000 1.42 0.98 to 2.07 .06 1.98 0.77 to 5.13 .16
� 20,000 1.00 1.00

Smoking
Current 1.01 0.68 to 1.48 .97 1.98 0.92 to 4.24 .08
Former 0.91 0.64 to 1.30 .61 0.85 0.35 to 2.09 .73
Never 1.00 1.00

Alkylator score
1-2 0.87 0.65 to 1.17 .36 — —
3-4 1.04 0.76 to 1.42 .81 — —
0 1.00 —

Treatment era
1970-1979 1.13 0.83 to 1.53 .44
1980-1986 1.00

P53-associated SN1�

Yes — — 1.19 0.67 to 2.09 .55
No — 1.00

Primary sarcoma
Yes — — 1.20 0.61 to 2.35 .60
No — 1.00

Age at SMN1
Age at SMN1 by 10 years — — 0.94 0.37 to 2.38 .89

Time from primary to SMN1
Time from primary to SMN1 by 10 years — — 1.03 0.34 to 3.15 .96

NOTE. Boldface indicates values are significant.
Abbreviations: SMN, subsequent malignant neoplasms; SN, subsequent neoplasms.
�P53-associated tumors included those of the breast, brain, lung, colorectal, and gastric regions as well as all sarcomas, adrenocortical carcinomas, acute

lymphoblastic leukemia, and non-Hodgkin’s lymphomas.
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with genetic susceptibility to radiation injury and/or deficient DNA
repair. In the general population, there is evidence for an association
between a NMSC diagnosis and increased risk for subsequent can-
cer.19,20 Future studies regarding genetic susceptibility should include
evaluation of polymorphisms in genes associated with DNA repair.22

In addition, a surprising number of patients with SMN1 who were not
exposed to radiation developed SMN2 (cumulative incidence, 22.8%
at 10 years). This may identify a population of patients with an under-
lying cancer predisposition syndrome. We note that SMN1 as SN1
may also identify a genetically susceptible population, but, because of
the higher rate of mortality after SMN1 (compared with NMSC as
SN1), these patients don’t have the same opportunity to develop
SMN2. Additionally, though many survivors had multiple NMSCs at
presentation, conditional cumulative incidence analysis identifies the
high risk that remains in these survivors for future additional NMSCs.

Repeated investigations have identified that female sex, young
age at primary cancer diagnosis, radiation exposure, family history of
cancer, as well as a primary diagnosis of sarcoma or Hodgkin’s lym-
phoma increase risk for SMN.5,6,23 In this analysis, radiation exposure
and older age at SN1 (� 30 years) appear to be the most important risk
factors for development of multiple SNs. Although the association
with radiation is plausible given the established association between
radiation and SMN1, we hypothesize that older age at SN1 identifies a
population of survivors who are reaching ages at which, in the general
population, cancer risks increase. The appearance of a protective effect
of radiation for development of SMN2 after SMN1 is likely artifactual
as a result of death as a competing risk for SMN2 development.
Survivors with SMN1 who had received radiation were more likely to
die and, thus, less likely to have SMN2. Furthermore, because both the
subdistribution HR (0.48) and cause-specific HR (0.41) for develop-
ing SMN2 after SMN1 indicated protective effects of having had
radiation for the original childhood cancer, we infer that risk of death
and risk of SMN2 were positively correlated, perhaps highly, after
SMN1. That is, deaths after SMN1 removed survivors who were at
high risk for SMN2 from risk sets disproportionately more in the
radiation-exposed subgroup. Had this not been the case, the cause-
specific HR would not have been in the protective direction. Although
females were at increased risk for SMN2 after SMN1, patients with
first-degree relatives with cancer and patients with a smoking history
may also be at increased risk. However, these findings were of border-
line statistical significance. Additionally, having a sarcoma or a p53
(Li-Fraumeni) –associated SMN1 was not found to be associated with
developing multiple malignancies.

Limitations of this study should be considered. The majority of
SNs are initially ascertained by self report, which may result in under-
estimation of true incidence rates. Additionally, although CCSS has

collected detailed chemotherapy exposures and radiation dosime-
try and volume measures relating to the primary cancer, only
limited information was available regarding treatment of SNs,
restricting risk factor analyses to primary cancer exposures only.
Clearly, exposures resulting from treatment of subsequent neo-
plasms could impact subsequent cancer risk. The limitation of not
having the SN treatment information to include in the risk factor
analysis does not detract from the findings and clinical implica-
tions of the high cumulative incidence of multiple subsequent
neoplasms. Finally, systematic and precise determination of SN
occurrence as in field versus out of the radiation field was not
possible in many of the occurrences, because exact information
regarding location of the SN was not always available either from
the respondent or as noted on the pathology report.

In conclusion, with increased follow-up time, survivors of child-
hood cancer are at increasing risk for multiple subsequent neoplasms.
The CCSS cohort, with its large population and comprehensive
follow-up over two decades, provides a unique resource for evaluation
of patterns of SNs as the cohort ages. Although some of the traditional
risk factors for SMNs, such as radiation exposure and female sex, are
evident among those with multiple neoplasms, future studies should
utilize the CCSS biospecimen collection as a resource to identify
causes of genetic susceptibility in these populations. Diagnosis of a
NMSC may identify those survivors with a predisposition for subse-
quent invasive neoplasms. Thus, in addition to annual screening der-
matologic examination, compliance with additional guidelines for
screening for invasive malignancy (ie, mammography, colonoscopy)
is important.
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